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THE PHOTOELCTRIC LIGHT CURVES OF YY SAGITrARII AND
RS CAIUM VENATICORUM.

Purpose

As stated in the contract schedule, the purpose of this project

was to conduct a photoelectric and spectroscopic study of binary stars

having measurable apsidal motion. In the course of the work it was found

to be more efficient to concentrete on the photoelectric studi.es, and

this was done.

Introduction

The theory of apsidal motion1 ' 2 ' 3 ' has shown that there is a close

relationship between the degree of central mass condensation of the com-

ponents of a binary star system and the rate of advance of the line of

apsides. Compilations of the best existing observational data4,1,6) have

f-• shown that for most stars these condensations are similar to those of

polytropes whose indices lie between 3 aaa 4. There may also be a trend

toward higher condensations for later spectral types, although in view of

EK the uncertainties in the data, this statement cannot be made with assurance.

The theory of stellar interiors involves many unknown parameters V

which describe the relative abundances of the elements at different points -A

__ within a star. In addition, the theory is subject to serious uncertainties

as to which physical processes govern the dynamical condition of the

stellar material at various depths within the star.

*7. .se-, M. N. 88, 641, 1928.2. COýwling, M. N. 98, '734, 1938.

4 Russell, Ap. i. go, 641, 1939.5 . Sterne, M .N. 99, 662. 1939.

6. Keller, Ap. J. 108, A47, 19488.
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Consequently, it is very desirable to imporve the observational data on

the apsidal motion of stars as much as possible in order to provide another

reliable criterion with which to Judge the merits of the various proposed

stellar models. In addition to the periods of the apsidal motion, it is

essential that the relative.radii of the components of the binary be

determined accurately, since the computations depend sensitively on these

quantities. If the orbital eccentricity is large, it too must be known

with some precision. A reasonable estimate of the mass ratio also is

needed.' For these reasons, as well as the need for high precision in

determining the displacement of secondary minimum, photoelectric obser-

vations are indicated.

. Two stars, YY Sagittarii and RS Canum Venatilcorum have been well

observed, and a third, RU Monocerotis, is currently under observation. In

this report we-ahall.#ixe the light curves of the first two stars, and

certain preliminary obse.-vations with regard to their apsidal motion.

Mr. Nelson Limber, an arts graduate student at Ohio State University, is

now analysing these curves in order to obtain their orbital elements.

The Instrument

All observations have been made with the 36 inch reflector at the

Steward Observatory, Tucson, Arizona. The photometer, whose sensitive

element is a 1P21 photomultiplier tube, was designed by Carpenter and

Wood. The A. C. amplifier was designed and built by Gartlein. Recording

is performed on a Leeds and Northrup Speedomax.

It was found that the amplification is not strictly linear, the

deflection varying as about the 0.9 pcwer of the signal. In view of this

fact the instrument was frequently calibrated by reans of artificial



light sources. The internal consistancy of various calibrations made under

differing experimental conditions lead us to believe that the cel1bration

is good to about 0.5 per cent. The source of the non-linearity is appar-

entl,7 in the amplifier, and not in the optical system.

Obse..vational Procedure

During all of the observations at least two comparison stars were

used, and in many cases three. In this way a running chech cn the cali-

bration was obtainedassuming, of course, that the comparison stars them-

selves were not variable. Alternate two minute runs on the variable

stars and comparison stars were employed. Shorter runs were not feasille

because of short period fluctuations in the background. The mean sky

intensity was measured after every few stellar observationc.

Reductions

All observations were first corrected by the calibration curve, and

then for the sky backgrounC. Differential extinctions were corrected

for -on the basis .f the Am=0.35 sec law. Several independent deter-

minations of the coeffi-cient 0.35 gave the same result to t 0.02, using

both type A2 and F5 stars. Since no filter was used with the photometer,

there is reason to be concerned about the change in extinction coefficient

with wave length.

Several special runs were made to establish the relative -Urminos-

Ities of the comparison stars. Thereafter, when computing its luminos-

ity, the variable was al-ays compared with the average of the precedirg

3 and following comparison star observations, regardless of which ones

these stars happened to be.
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YY Sagittarii (B.D. - 190 5148; 1 8h 4ly7; - 190 27' (1950) AO.)
7

This star was discovered to be a variable ay Miss Cannon 7 . It was

first observed visually by Zinner8 who, obtained a period of 1.31 days.

Kordylewsk19 published the first light curve. He found that Zinner's

period should be doubled, and moreover that the secondary minumum is

markedly displaced, a result which Zinnerl 0 subsequently confirmed.

Sh"apley and KellerI1 and later Shapley and. Miss Swope1 2 published results

based on measurements of the Harvpard patrol plates. They suggested the

following ephemeris for primary minimum, which has been employed throughout

by the present authors:I Pr. Min. 2419467.0871 + 2.6284841 F. (1).

9 Shapley and Swope found that the depths of primary and secondary

_minima were 0.55 and 0.53 magnitudes respectively. They estimated the

period of apsidal motion to be greater than 500 years, and the eccentr-

icity to be greater than 0.15. They detected no difference in the widths
ofmnia Russ9elll3,
Wof minima. partly on the basis of the near equality of the

widths of min-ma, estimated that e 0.17 and P' = 350 yrL. later Sterne5

computed the period of apsi-3al motion on the basis of some additional

unpublished measures of Miss Swope, employing the elements rl/A = 0.127

and r 2 /A = 0.127 due to Mrs. Shapley. Sterne's results, based on a least

square fitti-n. to the data, are e = 0.140 t 0.010 and P' = 2B2 t 49 yrs.

7. Pickering, H. C. 137,190.
8. Zinner, A. N1. 190, 577, 191); 195, 460, 1913, Astr. Ab. 4c, 1922.
9. Kordylewski, A. A. c. 1, 95, 1930.
10. Zinner, A. N. 239, 63, 1930. j
11. H. Shapley and K.W. h H. B. 8953, 6, 1955.

W- 3 12. H. Shaj)ey, and Swope, H. B. 939, 9, 1938.
13. Russell, Ap. J. 90, 0647, 10,759.

.1N
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In the present study the following comparison stars were used:

Harvard Pg. Relative P.E.
P B. D. Magnitude Spectrum Luminosity

• D -1905140 9-55. AO 1.201 +.007

E -20o5243 9.80 F5 1.000

F -19 0 5147 10.09 A2 0.657 - .005

Individual observations in the neighborhoods of the minima are

given in Table I, and are plocted in Figures 1 and 2. Luminosities are

referred to comparison star E as 1.000. The probable error p, r obser-

vation is about 1.3%. Normal points lying between the minima are given

in Table II. Each point combines 10 obser7ations. The entire light curve

will be found in Figure 3.

The phases of minima at various epochs, referred to the ephemeris (1),

are given in Table MII. Dr. Shapley and Mss Swope have very kindly per-

mitted the authors to present their results in greater detail than here-

tofore. Since e cos 6) is approximately equ-a. to /2 j Ps8 P -

for sma"" e, where P. and -are the phaises of secondary Pmd. primary

minimum respectively for any ep .Th and 6-' is the longitude of periastron,

it is possible to compute e cos 4: as a function of epoch. A plot of

these data is to be found in Figure 4 . Each point on the fig.-e is

surrounded by a box indicating the extent of the probable error. The

point at 1893.5 is vary unce tain iepending on only two observations of

subnormal brightnese near sucond.-&y minimum. It Is not known whethier

these observations lie on the ascending or ")scending side of the minimum.

' The top and bottom of the shsa2d boz correspond to these two possibilities.

"It is clear that attempt'nz 'o fit a cosine curve to Figure 4 is at

best an uncertain process, and i -s not impossible that the period of
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apsidal motion i, very long. The eccentricity (which would equal the

amplitude of such a curve) is certainly greater than 0.15; With the

existing data, Rusiell's estimate of e=O.17 and P' =350 years seems fairi !

reasonable.

PS Canum Venaticorum (B.D. + 3602344; 13ho8;m+60°2' (1950); F4n, G8)

S~~~The variability of this star was discovered by Mine. Caraski1 s .

1914. The orbital period was first determined by Hoffmeister 1 5 to be

Th ai-iiy ftissa paspisoeredly6e Crsi i

16
approximately 4.797 days. In a later paper he suggests that the period

I VI 17
may be variable, and refutes a suggesting by Maggini1 that the period.

should be only 2.4 days. Baker and Cummin published a correction to

THoffmeister's period&, and found that there is a period of constant light

& during primary minimum. The first analysis of the light curve (based on
•2 e 19

-E the 4.8 day period) was published by Hchneller . Ris ephemeris,

Pr. Min. 2423579.344 + 4.797944 E, (2)

is the one vhich has been used in reducing the present observations.

Schneller's observations suggest the existence of a secondary minimum,

and the observations made between eclipses indicate flat maxima of equal

hDight.

Sitterly has published two light curves, one based on the Harvard

patrol plates, and the other based on observations wvith the Princeton

visual photometer.

14. Ceraslci, A.N. 197, 256, 19i4.
15. Hoffmeister, A.N. O00, 178, 19)'•.
16. Hoffmaister, A.N. 2•8,249, 1918.
17. l.agini, Arcetri Pab. 34, 64, 1916.
18. Baker ana Cummings, Laws B.ill. 2, 150, 1916.
19. Sclineller, A.N. 233, 561, 1928.
20. Sitter)j, Princeton Conr:. 11, 21, 1930.

-I
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7 1"•; analysis of the observed tlmes of min~ma shows a deflnite non-linear

Srelation bet-ween the phases of obser. id primary minima (w ith reference

MP, to his -own ephemeris) and the epoch of observation. He suggests that

there may be a 26 year sinusoidal variation in the orbital period. Sitterl'y

ale observed that the primary minimum of hi8 visual light curve was

asymmetricai, particularly outside of eclipse. In addition, the mpximum

Allowing primary min.muim averaged about 0.07 magnitude brighter than th3

other maximwu. He attempted to _xplain this phencmenon by assumir.g the

simultaneous exib-ence of a tidal lag and of differences in brightness

_ between the advancing and. following sides of the brighter star. He was

unable to octain a reasonable f~t vith the observe'l data on this basis,

and so left the cause of the asymmetry unaccounted for. On the other hand,

Sitterly's photographi. light curve does not show the asyrmetry, and has
pr mary

constant amplitude out,:de~minimum. The difference I1tween the two light

Scurves is pertly due '-o tha lver accuracy of the photographic measurements.

The He-vard plates were also measured by Miss ?Pilsworth. A light curve

I
&2w

based on +hese new maasuremente is given by Mrs. Payne-Caposzhkin21. The

times c' prii.ary minim=. were also redeterm..ncd, thereby streanthening

the evidence in favor of a variation in the orbital period. The photo-

graphic lht curve derive(! by these workers does exhibit a secondary

minni-wm of about the same dcpth as that of Sitterly's vIlua]. curve.

There is some evidonce that d-°ing the epoch of Sitl erly's observa-

ticis the photographic light curve may have shown an inequality in the

heights of maxima, and in the same direction Sitterly found visually.

S21. C. Payne-Gaposchkia. Proz..Am. Phil. Soc. Bl, 189, 1939; Harvard Rpt.
No. 170.

I
- i
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Mrs. PaYne-Gaposchkin suggests that there may even ba a fluctuation in

the heights of maxima which is correlated. with the fluctuation in orbital

period. As she points out, however, the accuracy of her data is such that

the support which they 4ve to this suggestion is only of "possible

significance".

A speetroscopic study of the system has been made be Joy2 2 . He finds

that the radial velocity curve does not show a measurab]e eccentricity of

At. The 3pectral type of the brighter, smaller star Is F!rn, and that

of the larger, fainter star is dGB. Joy remarks on the fact, also noted

by other observers, that although the absoluxte magnitude and spectrum

would place the fainter component among the dwarfs, its size and mass would

place it among the subgiants.

In the present study the follulwing comparison stars19 were usead:

Schneller' s Relative
B. D. Pg. Magnitude Spectrum P.E. Luminosity

1. +35°02421 7.96 F5 .560-t.020

5. +35°24.20 8.81 GO 1.&00

6. +55021418 9.22 GO 0.556t.0l0

indlividual observations in the nolghborhoods of the minima are

givon in Tablo TV,and arzi plotted in Figures 5 and 6. Luminosities are

referred to mzpiarlson star 5. There sppears to be a systematic differ-

ence between the luminosities near the bottom of primarj minimum as

measured on different nights. While it is possible that there ar- intrinsic

fluctuations in the brightness of the fainter star, there is also the

Spossibility that systemeatiz ob:etevatlonal errors may be responsible2 3.

23. "We are indebted to Dr. JoThn irw!in for a discussion on this point.
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The nights o,, which higher luminosities were recorded occurred in the late

spring, at which time the atmospihere over Tucson is ccnsiderably mire

humid. This would have the effect of obscuring the ultraviolet more

strongly than the longer wave lengths, i .e., of making a red star appear

brighter when compared to a blue star. The light during primary minimuM

comes largely from the G8 star, and our comparison stars in this light

range are of type GO. The effecb of the water vapor absorption would thus

be to increase the relative luminosity of the variable during the minimum.

The effect would also be increased by the absence of a filter to reduce the

amount of ultravi 6 let radiation transmittad to the photocell. A further

study of the data may yield a method of estimating the variable water

vapor absorption effect, in which case suitable corrections will be made.

9Normal points lying between the minima are given in Table V. Each

point combines 10 obser.vations. The entire light curve appears in Fire 7.

It will be noted that the max.imui which follows primary minimum, is unml s-

takably higher than the other maximunm. This confirms both Sitterly'd

and Mrs. Payne-Gaposchkin's observations for the epoch near J.D. 2h25000.

It has occurred to tha writers that a clue to the difference in the

heights of maxima might be found in simila:ities between the system

RS CVn and U Cephei. The brighter component of U Cep is a rapidly rotating

B8 or B9 star2L, which may be compared with the F4n component of PS CVn.

The fainter components are G_2 end G8 stars respectively. They have lines

of normal widtb and their radii are considerably larger than those of the

earlier type companions. The similarity of the light curves of the two

24. 0. Struve, Ap. J. 99, 0 12 i44.
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systems has frequently been noted.2 5 , particularly the asymmetry of the

primary minimum near the shoulders. It is interasting to speculate on

what would happen if RS CVn were attended by streams of gas in a fashion

similar tc that proposed by Struve for U Cephei and SX Cassiopelae. Lot

it be supposed that a hot stream of gas is flowing away from the leading

edge of the F4 star, and a cooler stream is returning to that star's

trailing edge from the G8 star. Then the vuncovering of the hotter stream

following primary eclipse would tend to give the sharp rise in the light

which follows primary minimum. The same stream would. be eclipsed more

slowly prior to primary eclipse, since at that time it presumably would

be oriented at an appreclable angle to the line of sight. As an extension

of the hypothesis, one could argue that after secondary minimum the stream

9 of cooler gas returning to the trailing edge of the brighter star would

partially obscure the hotter stream. The effect would be to reduce the

total amount of light received during the oncoming period cf maximum light.

Unfortunately, in the case of U Cephei, the maximum following the secondary

minimum appears to bc the brighter, so that it is necessary to find some

raason why the effect should be reversed.

While it is not felt that the explenation of the asymetry of pri-

mary mLnfmum on the basis of the gas strms can be considered very

seriously without supporting spectroscopic evidence, it is worthy of con-

sideration bofors attempting a precise quantitative anetlysis of the light

curve on the basis of other hypotheses.

2-5. Sitterly was let to apply Igan's method of analysis for U Cephei
(Princton Contr. 5, 1920) to RS GVn because of this similarity. A

Smore recent light curve f1r U Cop is given by Walter, A.N. 276,225,
1948.

EI



The obs-re.e phases of primary minimum are assembled in Table VI.

SMost of these are taken directly from Sitterly's paper after conversion
S~~~~to Schnellor's ephemeris (2). Points due to Him e26anthauor

S~have been added. The sa.wm material, plus a group of points from Mrs.

Payne-Gai.oschkin s plper have been plotted in Figure 8. Since the

latter author does not give her initial epoch, but implies that her curv3

agrees substentially with Sitterly's, we have taken the liberty of assum-

ing an epoch so that both curves agree in all but the first few points.

The resulting plot suggests that Sitterly's surmise that a cyclic fluct-

uation of period exists has been substantiated. The length of the cycle

may be closer to 35 years or morc. howe'ver. The amplitude of fluctuation

appear's to be about 0.009 of an orbital period.

9 It is not possible to obtain the phase of the secondary minimum with

very much precision. By considering only the bottom portion of that minimum

the following estimAa t w:s mader

Phase of Secoondary Min•mum near J.D. 2_433017. 0.489 * 0.002.

The displacement of secondary minimum from the position midway between

prlmary minima is therefor-e

I. 1489 - 0-983 - 0.500 = 0.006 + 0.002 perioJds.

On-- m--y ',sk whether this is sufficient displacement to allow the cycli':

chn 4 es in Dr'marx, period lto be oxplained or, the basis of th-e apaidal notion

hypothesis. Unfortunatoey, nither tho time oi secondary, nor the present

dieplaceMent in phase of th• primar- from zero phase of the mean ephemeris

is sufficiently well knowD. It does appear from Figure 8 that the primaz-y

Vminimum would now be errivin3 bcefore the prediction of a mean ephemeris,

so thlat in ony event the co=-- Ad d'splacement of secondary 'La In the direc-

Ei tion which woUld be required by the -ps-Id.2 motIon theory.

_-_ 26. Himpel. A.7i 261. 23,•" !95 .
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The photoelectric light curves of the eclipsing binaries YY Sagittarii

Sand PS Canum Venaticorum are presonted. It is found that the orbital%-

tc-_ eccentricity of YY Sgr is greater than 0.15, and may be consider.ibly larger.

The primary minimum of RS CVn is asyImetrical near the shoulders, and

the maxima are of unequal height. It is suggested that str.as of gas may

be present in this system and contribute to the asymetry of the minima.

The length of the period of primary minimum appear3 to vary in a 35 year

cycle. The secondary minimum may at present be slightly displaced in the

99- direction to be expected if the variation in primary period is the result

k~k of apsidal motion.' It is the intention of the writers to analyse the light

curves with the object of deriving the el~r3nts of the photometric orbits.
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Table I. 14.

YY SAGITTARII

Primary Minimum
Dm-Lum - Lumi -

Epýoch-Phase nosity Epoch-Plhase nosity Epoch-Phase nosity

5170.96116 .891 5181.98545 .691 5185.03018 .747
.96322 .887 .98709 .696 .03298 .781
.96546 .891 .98901 .653 .03443 .775
.96731 .890 .99102 .621 .03644 .779
.96935 .866 .99364 .621 .03890 .8l1
.97088 .854 .99779 .564 .0o1o56 .823
.97334 .836 .04265 .854
.97516 .828 5!32.00122 .511 .04468 .847
.97722 .800 .00354 .499 .04624 .860
•.97902 .772 .00571 .474 .04825 .876
.97976 .724 .oo8o4 .•459 .05026 .888
.98224 .760 .01023 .483 .05197 .882
.98735 .728 .01205 .486 .05401 .884
S.98663 .694 .01409 .516

S.98879 .669 .01673 .546
.99022 .655 .01871 .567
.99223 .634 .02053 .587
.99360 .608 .02257 .612
.99558 .598

51814.9775? .762
517-1.01304 .4-92 .9;061 .731

.01574 .561 .98191 .743

.03190 .788 .981416 .711
.03397 .764 9t98558 .678
° 04773 .885 .96 .661
0500o .911 .99014 .634
.05241 .897 .99139 .619
.o5489 .884 .99388 .593

.99541 .575
518o. o04'5 4 •805 .99734 -533

*.o4618E .8o0 .99948, .531
* 0W4E72 .30

.0-38 .! "•5185.00093 .502
.05315 .675 .0o296 .•473
.351432 .904 .oo,436 .479

.00522 .479

5181.96056 .892 .00756 .455
.9630o4 .896 .009o1 .489
96569 .889 .01041 .489
.96833 .836 .01213 .493
.9708 .8944 .Olo6 .496
.97332 .839 .01546 .545
.57506 . 7 9A .01744 .568
.97723 .803 .019.45 .574
.97945 .786 .02065 .565
.98114 .776 .0,)252. .6274! .98296 .761 .32766 .675
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Table I (cmit.)15

Secondary Minimum

Lumi- Lumi-
Epoch-Phase nosity E~poch-Phase nosity

5166.4_2171 .6oo 5177.58564 .691
.42325 .642 .39182 .7o6
.42840 .656 .39438 .624
.42977 .688 .39665 .607
.43167 .728 .39885 .594

"• .Annl .554

5169.42186 .571 •4037• .551
.42852 .653 .40680 .499
.43058 .666 .40913 . 534
.43710 .723 .4114o .528
.44o54 .761
".8863 .87946 53.42067 .371
. 4i682 .834 .42368 .689
.4630875 .825 .42966 .617
.45081 .854 .42867 .695
.45221 .877 .3619 .735
.45862 .877

5 .6oo6 .393 .46686 .892
S.4636222 .894 .46937 .917

S.46690 .911 51.37622 .909
.46907 .920 .39838 .898S• 37624 .805

S3171.36806 .933 .37P30 .787
.36222 .927 .38187 .7613•.6436 .9,6 .39476 .644
• 36:592 .5$92 .39838 • 594
.36816 . 8 5, 3 31 9 9 .605

!k .36999 •.862 .4(,%118 .618

.37173 .870 ."0324 .560

.373-2 .851 .41280 .497

.37561 .840 .41473 .512
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S-- Table II.

YY SAGITEARII

Normal Points

s LProbable
SPhase Luminosity Error

0.05941 o.895 o.oo8
.06981 .896 .002
.08935 .884 .003
.11259 .888 .oo4
.13365 .887 .002S.153,6 .900 .003
.16711 .889 .oo6
.19733 .898 .002
.22241 .908 .003
.25563 .900 .001
.28105 .906 .oo8
.32599 .917 .005
S.35o61 .922 .003
.479oo .893 .004
.52232 .909 o004
.58099 .895 .003
.60569 .919 .008
.62449 .920 .002
.64555 .926 .003
.66666 .922 .003
-.70333 .1198 .003
.72090 .- 904 .005
.73278 .908 .0o6
.74523 .911 .004
.7749o .913 .0o4
.79095 .9n4 .xo4
9.80649 .897 .003

.82315 .891 .003

.34440 .911 .010
E .86047 .896 .o04

.M, ;56 .8991 .003
-.94753 .903 .004

R
Fi1

NE2
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Table III.

YY SAGI¶PPABII

Epoch and Phases of Observed. Minima

Shapley and Swope

Epoch Primary Secondary e cos C?

1893.5 t- 3 -o.oo4 t 0.0o5 0.479 ± 0.015 -0.027 ± 0.025
1902.0 2 + .002 .003 .471 .003 - .049 .007
1908.5 1.5 + .004 .002 .459 .004 - .071 .007
1913.0 1.3 - .001 .003 .453 .oo4 - .072 .008
1917.5 1.5 .000 .003 .446 .003 - .085 .007
1922.5 1.5 + .002 .005 .443 .005 - .093 .011
1927.5 1.5 + .oo4 .002 .433 .002 - .112 .oo4
1932.0 1.3 + .005 .002 .429 .002 - .119 oo4

1936.0 1.3 + .003 .004 .J19 .003 - .132 .008

Kordylewski

1927.5t 1.5 +0.010 t 0.003 -0.123 t 0.010

-,V Ziunre

t 1913.0± 1.5 0.0005 _ 0.002 o.449 t 0.0o2 -0.088 t 0.005

Keller and. Limber

1949,44±0.03 0.0075t 0.0005 0.4110+ 0.0005 -0.1516t O.xon

DE

i
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TABLE TV.

RS Canum Venaticorum

Pxrimarj Minimm

I mi - Lumi - Lumi -
Epoch-Phase nosity Epoch-Phase nosity Epoch-Phase nosit_

1965.92008 1.497 1965.97051 .392 1966.99589 .405
.92309 1.526 .97113 .399 .99673 .402
.92598 1.486: .97191 .388 .99746 .4o3

S.92978 1.431 .97247 .400 .99824 .402
.93082 1.457 .97323 .592 .99889 .429
.93156 1.406 .97381 .409 .99976 •M03
.93386 1.397 .97464 .413 1967.00044 .4O9
.934441 1.358 .97517 .413 .00115 .414
.93507 1.324 .97589 .402 .oo3lo .452
.93552 1.316 .97644 .596 o00388 .465
.93600 1.313 .977-26 .397 •oo461 .473
.93668 1.338: .97786 .407 .00547 .494
.95233 0.728 .00607 .515
.95314 .718 1966.96oo4 .522 .00669 .533
.95425 .667 .96095 .504 .00759 .551
.95490 .646 .96165 .494 .00824 .577
.95554 .621 .96236 .474 .00935 .610
.95632 .601 .96323 .451 .01022 .628
.95684 .585 .96386 .437 .o1138 .670
.95807 .552: .96460 .410: .01A09 .699
.95862 .545 .96538 .424 .01300 .732
.95929 .519 .96606 .413 .01370 .761
.•95981 .511 .96683 .407 .01453 .790
.96052 .516 .96751 .404 .01526 .818
.96111 .476 .96842 .404 .01595 .853
.96182 .452 .96910 .400 .01682 .875
.96234 .452 .97059 .598 .01773 .919
.963o04 .429 .97142 .404 .01862 .933
.96354 .424 .97292 .394 .o1967 .986
.96h33 .423 .97495 .401 .02050 1.003:

.96489 .407 .98177 .396

.96554 .=A99 .98298 .390 1 969.92126 1.463

.96602 .389 .98567 .420 .93052 1.443

.96667 .394 .98653 .400 .93407 1.3B9

.96719 .395 .98844 .410 .93488 1.363

.•9g•6 .397 .98971 .385 .93576 1.345
;96838 .397 .99368 .396

•.96910 .391 .99518 .408 1970.92•083 1.431
.96972 .389

4)I



TABLE IV. (continued) 19.
PIZ

RS Canum Venaticorum
~Pr-imar7 MinlimumLumi - Lumi - Lumi-

Epoch-Phase nosity Epoch-ehase nosity Epoch-Phase nosity

1970.92212 1.466 1972.99515 0.397 1975.93533 1.386
.92426 1.4153 .99595 .4o03 .93651 1.274

S.92677 1.484 .99689 .392 .93730 1.256
.92766 1.464 .99769 .408 .93853 1.302
.92900 1.434 .99870 .414 .93963 1.248
.92986 1.437 .99941 .410 .9404O 1.191
.93079 1.420 1973.00073 .404 .94117 1.174
.93215 1.466 .001(3 .436 .942228 1.153
.93321 1.411 .00272 .436 .94351 1.079
.93526 1.359 .o0346 .466 .94416 1.030
.93614 1.332 .oo449 .492

k .93741 1.301 .00808 .578 1976.96161 o.516
.93853 1.274 .00883 .610: .96261 .482
.93932 1.-. A .01011 .605: .96371 .469
94•011 1.165 .01090 .635 .96449 .468

S.94102 1.177 .01190 .625 .96715 .430Il .942o04 1. 172 .01275 .681 .96812 -.4313
W .94_•Ž 1.149 .01556 .806 .96592 .416
Mk .94416 1.079 .01749 .886 .96998 .L"8

.94503 1.034 .01870 .911 .97109 A417

.94568 1.008 .01985 .991 .97300 .428

S•.94635 1l.oo6 .0214o 1.053 .974*23 .4,33.94719 0.969 .02216 1.144 .97595 .426

.94788 .940 .02335 1.190 .97695 .43z

.94878 .9o4 .02413 1.183 .98038 .436

.94952 .889 .02523 1.213 .98148 .424

.95033 .84- .02603 1.2451 .98245 .A31

.95117 .808 C2713 1.279 .93392 .28
-.95186 .786 .02795 1.2_3 .984(5 .447

.9533e .732 .02986 1 .375 .98775 .438

.954o8 .718 .03075 1.495 .98913 .419
95499 .682 .031,5 1.459 .9904 .46,

.95571 .670 .03428 1.490 .995,41 i435
.95667 .629 .03501L 1.524 .99641 .444
.957,1 .615 .03694 1.553
•95,25 .577 .03804 1.596 1978.00446 .497
.95987 .534 .03888 1.508 .00528 .534
.96081 .•526 .04062 1. 63"t. .00653 .576
.96163 .4p86 .04146 1.534 .00728 .540
.96252 .474 . 4263 1.55? .0o841 .626
.96324 .469 .o448c 1..541 .,o916 06/1

.96418 .424 .c4575 1.590 .01028 .627

.96518 .424 1974.04055 1.618 .01109 .653

.96596 .441: .04o233 1.545 .012-6 .718

.96786 .415 .0441,8 1.466 .01304 .722

.96883 .421 .04582 1.499 .o14l, .798

.: •96970 .439 .01497 .815



20.

TABLE IV. (Continued)

RS Canum Venaticorum

Primary Minimum
Lumi - Lumi - Lumi -

Aroch-Phase nosity Epoch-Phase noeity Epoch-Phase nosity

1978.01599 .869 1968.45690 1.486 1969.49787 1.422
.01679 .902 .45781 1.1477 .•49951 1.420
.01796 .94o .45855 1.1473 .50048 1.1418
.01889 .964 .45948 1.1470 .50150 1.1434
.02012 .993 .46022 1.1455 .50268 1.1444
.02087 1.003 .461uo 1.467 .50341 1.1455
.02193 1.019 .46187 1.1460 .50431 1.1447
.02268 1.113 .46278 1.1477 .50598 1.1454
.02371 1.159 .46360 1.4146 .50679 1.436
.02447 1.206: .46443 1.1462 .50774 i.1460
.02530 1.256: .46525 1.462 .50848 1.1444
.o261o 1.186 .51207 1.466
.02686 1.259 1969.144828 i.441 .51291 1.1469
.028L'5 1.356 .44918 1.488 51394 1.1445
.02919 1.343 .45015 i.4 75 .51476 1.469
.03029 1.592 .45101 1.575 .51578 1.1460

4p .03107 1.1418: .45213 1.537 .51650 1.498:
10 .03288 1.434 .4=--94 1.496 .51748 1.459

.03372 1.1425: .45399 1.1494 .51821 1.468

.036L 1.506: .45474 1.1499

.03746 1.500 .45588 1.1495 1971.53145. 1.540

.038614 1.549: .145669 1.464 .53213 1.535

.03960 1.526 .45785 1.1476 .53350 1.501

.04058 1.507 .45944 1.508 .53428 1.544

.014173 1.536 .46004 1.1446: .53545 1.526

.0o4278 1.523 .46106 1.1466 .53619 1.548

.0o4357 1.523 .46198 1.488 .53706 1.565

.004468 1.537 .46441 1.482: .53780 1.511
.146675 1.1438 .53870 1.1479

Secondary Mini mum .46768 1.447
.146845 1.460: 1975.43753 1.564

1968.44056 1.1499 .47001 1.1452: .43846 1.463

.44175 1.514 .48005 1.419 .43985 1.556

.1445941 1.520: .48085 1.1414 .44201 1.484

.44673 1.514 .48181 1.1412: .44303 1.438

.44746 1.511 .48337 1.145A2 .44416 1.504O

.•44853 1.522 .48427 i.1416 .44623 1.510

.44930 1.516 .48511 1.421 .44722 1.548

.145020 1.506 .48606 1.402 .44819 1.543

.45104 1.1494 .48689 1.1414 .45011 1.483

.145195 1.517 .49127 1.1414: .45124 1.480

.45269 1.501 49223 1.425
.•45359 1.1490 .49298 1.1458 1974.46534 1.514
.45434 1.500 .49412 1.1412 .46933 1.1417:
.45528 1.1479 .49548 1.398 .47113 1.478
.45621 1.484 .49634 1.1407 .47298 1.1471



21.

TABLE IV. (Continued)

RS Canum Ve"naticorum

S~Secondary Minimum

Lumi - Lum_ -

Epoch-Phase nosity Epoch-Phase nosity

1974.47521 1.499 1980.51398 1.462
.47783 1.492 .51524 1.489

.51738 1.524

1975.49958 1.470 .51947 1.511

• .50059 1.514 .52148 1.508
.50189 1.477 .52578 1.542
.51227 1.501: .52536 1.572
.51308 1.498 .52753 I.461
.51404 1.458 .53051 1.613
.51501 1.442 .53160 1.577
.51569 1.439 .53293 1.532
.51696 1.485 .53436 1.586
.51789 1.485 .5`569 1.589

W .51913 1.479 .55717 1.495
.520,6 1.04o
.52158 1.419
.52237 1.512
.52331 1.484

1978.43424 1.477
.45536 1. 525
.43659 1.594
.43761 1.504
.43842 1.546
.43950 1. 551
.44062 1.467
.44160 1.539
.44285 1.560

R £.44589 1.539
.44486 1.511:
Lh5536 1.485:
.456 r 64 1.49o

4 4577 i. 7 48
.45859 1.473
.45959 1.508,

1980.49730 1.430:
.49851 1.409
.50101 1.417
.50253 1.4653:
.50440 1.424
.50715 1. 4o:
.508o6 1. 449:

44. .50935 1.441
S.51252 1 509
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TABTE V.

-RS Canum Venaticorum

Normal Points

_ _Probable Probable
Phase Luminosity Error Pba_. Luminosity Error

-05779 1.535 .006 .64•03 1.537 .007
C7797 1.544 .oo6 .65233 1.538 .005

.09575 1.552 .0\ .65856 1.547 .oo4
,10495 1.543 .005 .66723 1.-,50 .002
.11423 1.546 .005 .67945 1.557 .00o
.12570 1.553 .oo4 .69977 1.555 .003
.13849 1.570 .007 M70856 i.561 00o4
.15294 1.573 .006 .71745 1.569 .005
.16309 1.602 .011 .73388 1.569 .007
.17206 1.580 .004 .75405 1.588 .006
.17866 1. 578 .003 .76011 1.568 .008
.18465 1.6o9 .005 .76470 1.567 .005
.19019 1.603 .006 .76983 i.564 .008
.20277 1.598 .005 .77859 1.559 .007
pl.64 1.590 .005 .78668 1.539 .002

.21668 1.589 .004 .79519 1.545 .003

.22190 1.596 .008 .80362 1.536 .006
.22584 1.623 .005 .81129 1.537 .004
.23212 1.595 .005 .82647 1.532 .005
.23817 1.608 .005 .83612 1.519 .003
.24509 1.597 .008 .84313 1.524 .oo6
.24999 1.605 .004 .84732 1.528 .008
.- 5619 1.596 .0o6 .85210 1.529 •005
.26177 1.622 .009 .86469 1,522 .004
.27314 1.619 .oo6 .88o04 1.519 .oo4
.30071 1.616 .005 .89129 1.500 .009
.32514 1.6o8 .oo4 .91o46 1.5o8 .oo6
.34469 1.649 .oo6 .91766 1.477 .004
.35787 1.601 .003
.36872 1.596 .002
.37623 1.625 .005
.38182 1.628 .oo6
.38865 1.596 .006
.39492 i.613 .012
.41*07 1.549 .004
.41993 1.548 .005
.42496 1.542 .005
.43059 1.545 .006
.54403 1.505 .005
.•55492 1. 522 .oo)8.56577 1.501 .005
.57505 1.526 .0,05

S:I.I8665 1.536 .0,
.5• 9636 1.531 .004

• -. 60246 1.535 .Go6
S.61794 1. 526 .002
J •.62949 1. 534 oo4

• ~.63734 1.553 .0
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TABLE VI.

RS Caaum Venaticorum

Epoch and. Phases of Observed Minima

Sitterly,
From Harvard. Plates Hoffeister Sohneller

JD Epoch + 3000 J] Epoch + 3000 _ Epoch + 3000
and Phase and Phase - an& Phase

12270 64-.036 20298 2315.996 25249 3347.000

12679 728.049 20302 2316.995
15552 1327.031 20346 2326.003 Himpel

15778 1374.028 20370 2331.002
15787 1376.026 20423 2341.992 27873.524 3895.004

15879 1395.032 20489 2356.004 Keller & Limber

16181 1458.026 20566 2372.007
16622 1550.028 20655 2389.993 33016.81924 4966.9832

16901 16o8.o21 20681 2369.021 *.0003

16977 1624.o25 21267 2518.002
21607 2588.004

1720$ 1672.C18 21982 2666.998

17285 1688.016 21986 2667.998
17995 1,836.o-
18057 !849.019
184891 9 19.1oi Sitterly, Visuel Obs.

19837 2220.007 22792 2835.998
19938 2241.OlO 22807 2838.998
20144 2284.005 22816 2840.999
20192 2294.007 22831 2843.998
20245 2305.008 22840 2845.999

320269 2310.008 23095 2898.997
20902 2442.018 23100 2099-999

0o960 2454.0,)1 25162 291?.999
20964 2455.oo6 23167 2913.997
2 1,5'4 282. 003

21948 2659.999
22020, 26'(4.999
23071 2893.995 NIijland & Godomski
23090 2898.003

23579 3000,001

F 4itýi
ES-
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